Parasitic helminths (worms belonging to several metazoan phyla) cause considerable morbidity and mortality in humans. They are an important veterinary problem, and they result in significant economic losses in animal grazing and agriculture. Experimental studies on parasitic helminths have been limited by a lack of parasite cell lines and methods for molecular genetic analyses. We evaluated particle bombardment (biolistics) as a strategy to introduce and express nucleic acids in these multicellular parasites. By using embryos of the parasitic nematode Ascaris as a model, we developed methods to introduce and express both DNA and RNA during several stages of Ascaris embryogenesis. Biolistic transfection will facilitate experimental strategies in Ascaris embryos complementing other biochemical tools available (e.g., in vitro whole-cell embryo extracts for transcription, RNA processing, and translation). Transfection experiments with adult schistosomes further suggest that the biolistic strategy should be applicable to a variety of other parasitic helminths. The development of these methods provides molecular genetic tools to study gene expression and the biology of a variety of types and developmental stages of important helminth parasites.
Parasitic helminths remain a significant health problem in many parts of the world leading to considerable mortality and long-term morbidity. For example, more than 1 billion people are infected with the intestinal nematode Ascaris, 120 million infected with lymphatic filariasis (roundworm͞nematode), 200 million estimated infected and 20 million seriously ill with schistosomiasis (flatworm͞blood fluke), 18 million infected with river blindness (nematode͞filaria), 44 million pregnant women infected with hookworm (nematode), more than 20 million infected with Paragonimus spp. (flatworm), and 2.4 million infected with Fasciola (flatworm͞liver fluke) (WHO, http:͞͞www.who.ch͞ctd). Parasitic nematodes also pose a significant economic problem in grazing animals and agriculture (1) .
Experimental studies on these helminth parasites have been hampered by a lack of molecular genetic approaches. The development of techniques for the introduction and expression of nucleic acids in parasitic helminths is critical for experimental analysis of the regulation of gene expression in these organisms. Moreover, molecular genetic methods are essential for the development of new experimental approaches for the study of parasite pathogenesis, cell biology, and other aspects of helminth biology. The multicellular nature, organization, and size of parasitic helminths poses significant problems with respect to the introduction of nucleic acids. To our knowledge, methods to introduce and express nucleic acids in parasitic helminths have not previously been developed.
Biolistics, or particle bombardment, has been used successfully to introduce nucleic acids into plant cells, animal tissues or organs, and whole organisms that typically are not amenable to more traditional methods of transfection (see reviews, refs. [2] [3] [4] [5] [6] [7] [8] . Originally developed for use with plant cells, biolistics has been the most universally successful method for introduction of nucleic acids (including transformation of organelles such as mitochondria and plastids). Furthermore, biolistics provides a practical method for in vivo studies using whole organisms such as multicellular parasites for which cell lines and transgenic methods are currently not available. We initiated experiments to explore the use of biolistic transfection as a method for introducing and analyzing expression of nucleic acids in helminths. By using Ascaris embryos as a model, we systematically evaluated particle bombardment parameters for transfection and developed methods to introduce and express both DNA and RNA. Experiments suggest that this method should be applicable to adult schistosomes, multicellular parasites that are members of an evolutionarily divergent metazoan phylum. The successful introduction and expression of nucleic acids in these helminths suggests that a biolistic approach should prove useful for developing and facilitating molecular genetic analysis in these important parasites.
MATERIALS AND METHODS
Organisms. Adult female Ascaris were purchased from Carolina Biological Supply or collected at a local slaughterhouse. Adult schistosomes were obtained from Syrian golden hamsters and incubated as described (9) .
Isolation and Preparation of Ascaris Embryos. Ascaris embryos were isolated from female uteri as described and stored at 4°C in PBS, pH 2.0 (10). Embryos were incubated in a shaking water bath at 30°C to allow embryonic development. After embryonic development, eggshells were removed with 0.4 N KOH͞1.4% sodium hypochlorite for 90 min at 30°C. The embryos were collected, washed four times with PBS (pH 7.0), and resuspended at Ϸ9 ϫ 10 6 embryos͞ml in nematode blastomere media (11) .
Biolistics. Approximately 700,000 Ascaris embryos (75 l) were evenly spread onto 35-mm Petri dishes, and the dishes were placed in a Bio-Rad Biolistic PDS-1000͞HE Particle Delivery System for particle bombardment. Optimized biolistic parameters are 15-in Hg of chamber vacuum, target distance of 3 cm (stage 1), 1,350-psi particle acceleration pressure, and 1.6-m gold microcarriers. Supplemental experimental details on schistosome biolistics are published on the PNAS web site (www.pnas.org).
Gold microcarriers were prepared, and circular plasmid DNA was precipitated onto the gold by using methods described by the manufacturer (Bio-Rad) (6) with the following modifications: 1-1.25 mg of gold particles carrying 5-7 g of plasmid DNA were used per bombardment. For RNA biolistics, microcarriers were prepared as described by the manufacturer, but the RNA was lyophilized onto the gold particles. Briefly, in vitro-transcribed RNAs at 1 g͞l were mixed with 1.6-m gold microcarriers (Ϸ5 l of RNA͞mg of gold particles͞shot) and the gold͞RNA suspension multiply dotted (Ϸ30 small spots) onto macrocarriers in the macrocarrier holders. The holders were placed immediately on dry ice to freeze the dotted gold͞RNA suspensions, and then lyophilized in a speed vac until dry (Ϸ1 hr). Treatment of RNA with nuclease (RNase A or DNase I) and its purification were carried out before mixing the RNA with gold particles and lyophilization.
After bombardment, 2-4 ml of nematode blastomere media (11) was added, and the embryos were incubated in a humidified air shaker at 30°C (minimal rpm to keep the embryos in suspension) until assayed for either RNA expression or luciferase activity.
Evaluation of gold particle delivery into Ascaris embryos (or schistosomes) as a function of physical biolistic parameters was evaluated by using a plasmid DNA͞4Ј,6-diamidino-2-phenylindole (DAPI) mix (0.6 ng DAPI͞g of DNA) precipitated onto the particles in the presence of MgCl 2 instead of CaCl 2 . Gold particle delivery into cells was easily detected through identification of fluorescing nuclei within cells that had received a DNA͞DAPI-coated gold particle.
Nucleic Acid Isolation and in Vitro Transcription. Total Ascaris embryo RNA was purified by TRIzol Reagent (GIBCO͞BRL͞Life Technologies, Gaithersburg, MD). Plasmids for sequencing and bombardment were prepared by using QIAfilter midi or maxi plasmid kits (Qiagen, Chatsworth, CA).
Luciferase RNAs (1,895 nt) for biolistics were prepared from PCR templates generated by using Promega pGL-3 basic plasmid, Pfu polymerase (Stratagene), and primers that led to the addition of a T7 promoter and 30-nt poly(A) tail to the PCR product (5Ј ϭ ATCGAAATTAATACGACTCACTAT-AGGGATTCCGGTACTGTTG; 3Ј ϭ TTTTTTTTTTTTT-TTTTTTTTTTTTTTTTTTGAATGCAATTGTTGTTG-TT). In vitro T7 RNA polymerase transcription of the PCR template (Ϸ3 g) with m 7 GpppG cap analog at a ratio of 5:1 cap analog͞GTP was carried out by using a MegaScript kit as described by the manufacturer (Ambion, Austin, TX). Transcription reactions were DNase I-treated and extracted with TRIzol. Precipitated RNAs were washed with 70% ethanol, dissolved in water, quantitated spectrophotometrically, and examined by agarose-formaldehyde denaturing gel electrophoresis, and the translation efficiency of the RNA was determined by measurement of luciferase activity after translation in a rabbit reticulocyte extract (Promega).
RNase Mapping. RNase mapping was carried out with Ϸ5-10 g of total RNA by using a RPA II kit as described by the manufacturer (Ambion).
Luciferase Assays. Embryos in 35-mm Petri dishes were collected in Kontes Mini Homogenizers and pelleted at 600 ϫ g for 1 min at room temperature, media were removed, and the resulting pellet was frozen on dry ice. Embryos were thawed on ice with 150 l of Promega 1ϫ cell culture lysis reagent with complete, mini protease inhibitors͞EDTA-free (Boehringer Mannheim), homogenized twice briefly with a motor-driven pestle, and centrifuged for 5 min at 4°C at 18,000 ϫ g. Aliquots (20-40 l) of the supernatant were assayed for luciferase activity by using a Promega Luciferase Assay System in a Opticomp I Luminometer (MGM Instruments, Hamden, CT). Luciferase activity was measured in the linear range of the assay as determined by comparison to serial dilutions of recombinant luciferase (Promega) and mixing experiments using Ascaris embryo extracts. Similar methods were used for adult schistosomes. In some experiments, protein concentrations of the embryo extracts were measured (Bio-Rad DC Protein Assay) and luciferase activity was normalized to protein concentration (see Fig. 4B ). Experimental data were similar with or without normalization to protein concentrations.
Cloning, Sequencing, and Sequence Analysis. Constructs were prepared by using standard cloning methods (12, 13) and verified by restriction analysis and automated fluorescent cycle sequencing. Detailed information on the constructs is available on request.
RESULTS

Expression of a Marked Spliced Leader (SL) RNA Gene in
Ascaris Embryos. Ascaris embryos at the 32-to 64-cell stage of embryogenesis (5 days development at 30°C) were chosen for development of in vivo molecular genetic methods as this stage corresponds to that previously used to prepare competent in vitro transcription, splicing, and translation extracts (14-16). Physical particle bombardment parameters (vacuum level, particle type and size, target distance, prebombardment and postbombardment incubation media, and particle acceleration pressure) were systematically evaluated to optimize introduction and expression of nucleic acid while minimizing embryo damage and maximizing viability. Conditions were developed that result in at least Ϸ60-80% of the embryos acquiring gold particles, half of which acquire multiple microprojectiles (see Materials and Methods for optimal biolistic conditions). After bombardment and recovery in media designed for culture of nematode blastomeres (11), most embryos remained viable and continued development during the period of time in which expression was measured.
The SL RNA gene was chosen for our initial experiments as the gene is readily transcribed in a 32-to 64-cell Ascaris in vitro transcription system (14) . In addition, the SL RNA gene promoter is the best-characterized promoter in Ascaris. To distinguish between endogenous expression of the SL RNA gene and expression of an introduced gene, we used a marked SL RNA that contains an insertion of 11 nt within the SL RNA intron. This insertion has no affect on SL RNA transcription in vitro, and the construct contains the prerequisite elements for accurate transcription initiation and termination (14) . We constructed an RNase mapping probe containing the 11-nt insertion that extends upstream from near the 3Ј terminus of the mature SL RNA to 115 bases 5Ј of its transcription initiation site. Use of this RNase mapping probe facilitated distinction between the endogenous and introduced marked SL RNA and allowed us to determine whether transcription initiation occurred accurately (see Fig. 1 ).
A marked SL RNA gene biolistically introduced into 32-to 64-cell Ascaris embryos was efficiently expressed as demonstrated by the protection of an RNA of the predicted size by using RNase mapping (Fig. 1 A) . Marked SL RNA expression in embryos depends on DNA concentration, time postbombardment, and an optimal set of physical biolistic parameters that includes microparticle type and size, target distance, vacuum, and particle accelerating pressure. As shown in Fig.  1 A, the marked SL RNA gene is accurately initiated, and expression depends in part on upstream promoter elements (Ϫ46 to Ϫ56 region) previously shown to be essential in vitro (14) . Introduction and expression of the SL RNA has been carried out in 2-day (two cells), 3-day (four cells), and 5-day (32-64 cells) embryos (see Fig. 1 A) as well as in 10-day larvae. Expression of the SL RNA occurs as early as 1 hr postbombardment in early embryos and continues for at least 80 hr, the last time point analyzed. In sum, these data indicate that accurate and significant SL RNA expression can be obtained in Ascaris embryos after biolistic transfection of a marked SL RNA gene by using optimized physical bombardment parameters.
Expression of a Luciferase Reporter Driven by the SL RNA Promoter. We also evaluated the use of a firefly luciferase reporter gene construct driven by the SL RNA promoter previously shown to be functional after biolistic transfection. This construct contains 115 bases upstream of the SL RNA transcription initiation site, the SL, and 8 bases of the SL RNA intron, the pGL-3 luciferase ORF, and a 287-bp Ascaris 3Ј untranslated region (UTR) and polyadenylation signal. The Ascaris 3Ј UTR and polyadenylation signal were derived from a gene encoding a protein with similarity to the 16-kDa proteolipid subunit of vacuolar ATP synthase (gene 12 ϭ ATP synthase, GenBank accession no. M33757; nucleotides 3056 to 3342) (SL RNA gene, GenBank accession no. M27961). After biolistic transformation with this construct, high levels of luciferase activity in Ascaris embryos were readily detected and dependent on expression time, SL RNA promoter sequences and their orientation, and physical biolistic parameters (see Fig. 2 ). Levels of luciferase activity were typically Ϸ50-to 200-fold above background, depending somewhat on the lot of 1.6-m gold microcarriers. Ascaris embryos have no endogenous luciferase activity and embryo extracts do not interfere with luciferase activity or its assay. Luciferase activity was not present in the actual plasmid DNA introduced nor derived from bacterial contamination of the media. Luciferase expression derived from the SL RNA promoter was measurable as early as Ϸ 8 hr after transfection into two-cell embryos. In 32-to 64-cell embryos, luciferase expression continued to increase for at least 80 hr postbombardment (Fig. 2B) .
Previous analysis of SL RNA transcription in vitro indicated that promoter elements required for maximal expression of the SL RNA were limited to Ϸ100 bases upstream of the transcription initiation site and the SL sequence itself (14) . Other transcriptional elements such as enhancers typically are not readily measured by using in vitro transcription systems. Therefore, to explore the potential role of additional upstream sequences on SL RNA promoter activity in vivo, we generated constructs extending varying distances upstream from the SL RNA gene with the largest construct (Ϫ1038) extending through the entire Ascaris SL RNA͞5S tandemly repeated genomic unit (17) . Promoter regions extending upstream varied in length as follows: Ϫ115, Ϫ341, Ϫ526, and Ϫ1038. After biolistic introduction, Ascaris SL RNA gene sequences upstream from Ϫ115 increased the level of in vivo transcription as measured by luciferase expression. Furthermore, in initially exploring the use of the SL RNA promoter to develop a luciferase reporter assay, we were concerned that the presence of a splice donor site downstream from the SL might result in aberrant internal cis-splicing within the luciferase ORF that would decrease luciferase activity. Consequently, we also generated and examined a construct in which the GT in the splice donor site after the SL was mutated to AT. Luciferase activity was readily detectable in constructs with the GT present as shown in Fig. 2 . Notably, however, the levels of luciferase activity were Ϸ 5-fold less as a result of the splice donor mutation. One likely interpretation of this observation is that in addition to the SL sequence, the donor sequence contributes to and constitutes part of the promoter for the SL RNA gene.
Expression of Other Luciferase Reporter DNA Constructs. To further evaluate the use of firefly luciferase as a reporter for other Ascaris promoters or RNA processing elements (e.g., trans-splicing), we generated constructs with DNA insertions upstream of a pGL-3 plasmid containing the previously described Ascaris 3Ј UTR and polyadenylation signal inserted downstream of the luciferase ORF (pGL-3͞AscUTR) (Figs.  2 A and 3A) . Biolistic transfection of constructs with putative promoter regions from two mRNA encoding Ascaris genes, a translation elongation factor (eF-1-gamma) (T. Nilsen, personal communication) and fert-1 (GenBank accession no. U07350) (18) led to significant levels of luciferase activity compared with levels generated with the promoterless plasmid (pGL-3͞AscUTR) or a construct containing the ribosomal RNA promoter (Fig. 3B) .
In trans-splicing trypanosomes (parasitic protozoa), expression of a protein ORF can be driven by constructs containing a ribosomal RNA promoter followed by a trans-splice acceptor site upstream of the ORF (19) (20) (21) . High levels of luciferase activity were observed in Ascaris embryos transfected with a pGL-3͞AscUTR construct containing the Ascaris ribosomal RNA promoter (22) (23) (24) followed 3Ј with a 105-bp trans-splice acceptor from the vacuolar ATP synthase subunit gene (Fig.  3C) (15, (25) (26) (27) (28) (29) . Transfection of a series of additional constructs containing variations of the ATP synthase trans-splice acceptor resulted in the following observations (see Fig. 3 C and D): (i) maximal luciferase activity was observed with only the 105-bp trans-acceptor present; (ii) luciferase activity decreases Ϸ60% when an additional Ϸ900-bp sequence upstream of the trans-acceptor was present (1-kb acceptor); (iii) a minimal ATP synthase trans-splice acceptor of 11 bp exhibited some, although much lower, levels of luciferase activity (8%); and (iv) addition of Ϸ1.6 kb of rRNA promoter sequence upstream of the trans-splice acceptor also led to a Ϸ60% decrease in luciferase activity. In sum, these data suggest that embryo luciferase activity derived from transfection with these constructs appears attributable primarily to the presence of the 105-bp trans-splice acceptor fragment from the vacuolar ATP synthase gene (Fig. 3 C and D) . Insertion of additional sequences upstream of the trans-splice acceptor may decrease the amount of read-through transcription derived from promoter activity within the upstream pGL-3 sequences. This pGL-3 promoter activity, however, apparently must not result in significant levels of mature, translatable luciferase mRNA in the absence of efficient trans-splicing. There may be some inherent promoter activity within the vacuolar ATP synthase gene sequences, but additional experiments will be required to define such activity. Overall, the data obtained by using DNA constructs indicate that different promoters and RNA processing elements can be readily analyzed by measuring firefly luciferase activity after biolistic introduction of constructs into Ascaris embryos.
Expression of RNA in Ascaris Embryos. Microinjection or electroporation of RNA previously has been used to examine the role of cap structure and poly(A)-tail length on translation and stability in vivo, questions often not easily addressed by using DNA constructs (30, 31) . Biolistic transfection of luciferase RNAs lyophilized onto gold particles led to significant levels of firefly luciferase activity in Ascaris embryos (Fig. 4) . Luciferase activity derived from biolistic introduction of the RNA, although not affected by DNase I, was eliminated by pretreatment of the RNA with RNase before lyophilization onto the gold particles. Luciferase activity was absent in the luciferase RNA preparations and the RNA transcription template. Biolistic transfection of luciferase RNA exhibited a dose-and time-dependent response.
Schistosome Biolistics. We also explored the utility of biolistics for introduction and expression of DNA and RNA into another parasitic helminth, Schistosoma mansoni. Schistosomes belong to an evolutionarily divergent metazoan phylum (Platyhelminthes), exhibit a distinctly different body plan from that of nematodes, and as adults, are quite large (Ϸ1 mm in width and 1 cm in length) in comparison to the Ascaris embryos. Approximately 10-15 adult schistosome worm pairs in media were placed in the center of 35-mm Petri dishes, media were removed, and physical biolistic parameters were carried out as described for Ascaris embryos. Bombarded worms were incubated for 8-24 hr, collected, homogenized, and assayed for luciferase activity. Transfection of a DNA construct led to luciferase expression in adult schistosomes that was Ϸ20-fold above an identical control construct without a promoter. Luciferase activity derived from introduction of RNA was as high as Ϸ20-fold above background. Schistosome transfection data are published as supplemental data on the PNAS web site, www.pnas.org. The DNA construct contained the S. mansoni SL RNA gene (Ϫ450 to ϩ38; SL RNA gene, GenBank accession no. M34074) fused upstream of the pGL-3 luciferase ORF followed by an S. mansoni enolase 3Ј UTR and polyadenylation signal (225 bp; Enolase gene, GenBank accession no. U33177; nucleotides 1006-1230). For RNA biolistics, the luciferase RNA described for Ascaris RNA biolistics (Fig. 4A ) was used.
DISCUSSION
By using biolistics we have demonstrated that DNA can be successfully introduced and expressed in Ascaris embryos as early as the two-cell stage (2 days development at 30°C) and through L1 larvae (10 days, 30°C). Expression of the transfected DNA can be measured at the RNA level via RNase mapping or at the protein level through the use of a luciferase reporter gene. Expression depends on optimal biophysical paramaters, DNA concentration, expression time, and the requirement for either upstream Ascaris promoter elements or a trans-splice acceptor. We also have demonstrated that in addition to DNA, RNA can be effectively introduced and expressed in Ascaris embryos. Expression of luciferase activity derived from introduction of RNA is RNase sensitive, DNase I resistant, and dependent on both RNA concentration and time after bombardment. RNA expression can be measured as early as 1 hr after transfection whereas protein expression requires Ϸ 6-8 hr.
Development of biolistic DNA transfection in Ascaris embryos will facilitate the use of a variety of experimental paradigms to investigate gene expression and the biology of these organisms. The development of RNA transfection by using biolistics should facilitate analyses of mRNA metabolism in vivo. For example, the role of SL sequences, their trimethylguanosine caps, and poly(A)-tail lengths on mRNA translation and stability in vivo remain important and outstanding questions with respect to the molecular and functional significance of trans-splicing in helminths. These questions now can be addressed. In addition, RNA biolistics should allow analysis of mRNA translational regulation or stability in synchronously FIG. 4 . Luciferase activity in Ascaris embryos after biolistic introduction of RNA. Luciferase RNAs lyophilized onto gold particles (typically 5 g RNA͞mg gold) were introduced into 32-to 64-cell Ascaris embryos, and luciferase activity was measured in the embryos after incubation at 30°C. Relative luciferase light (RLU) units represent only Ϸ15-20% of the total activity in the embryos. (A) Structure of the in vitro-generated luciferase RNA. (B) Luciferase expression is RNA dependent. Embryos were assayed for luciferase activity 8 hr after RNA biolistics. Nuclease treatment of the RNA preceeded lyophilization of the RNA onto gold particle (n ϭ 4 from two separate experiments). Maximum luciferase activity in a representative experiment was 236,423 Ϯ 10,653 (n ϭ 2), which represents Ϸ15% of the total embryo activity. No Nuclease Treatment, RNA introduced without additional treatment; DNase Treated, RNA treated with DNase I before introduction into embryos; Transcription Template, PCR generated template used for in vitro transcription of the luciferase RNA; RNA Assayed, equivalent amounts of RNA lyophilized onto beads directly assayed for luciferase activity. (C) Time course of luciferase activity in Ascaris embryos (n ϭ 3). (D) Dose response for luciferase RNA expression in Ascaris embryos (n ϭ 3). Varying amount of RNA (1.25-10 g) were lyophilized onto gold particles (1 mg), and luciferase activity was measured 6 hr after biolistic introduction of the RNA.
developing Ascaris embryos from one-cell stage through L1 larvae.
We also have demonstrated that the biolistic method can be used to introduce and express DNA and RNA in adult schistosomes. Although expression levels in schistosomes are currently not high, optimization of biophysical, genetic, and other transfection parameters are likely to improve expression as we observed in developing the method for Ascaris embryos. Additionally, our initial experiments in Ascaris also included biolistic transfection with Caenorhabditis elegans ␤-galactosidase reporter vectors (32) . As a positive control for the Ascaris experiments, the reporter was introduced into mixed stage C. elegans on agar in Petri dishes, and ␤-galactosidase expression was observed in several C. elegans stages (data not shown). This finding indicates that this methodology can be used with other nematode species and life cycle stages. Preliminary experiments further indicate that this method also works in the parasitic, filarial nematode Brugia malayi (Thomas Unnasch, personal communication).
Our results indicate that particle bombardment is a practical and relatively efficient method for introducing and expressing nucleic acids in several multicellular helminths and should be applicable to other helminths of various sizes, stages, and types. The use of biolistics in transfecting both multicellular organisms and embryos: (i) is a rapid and simple method for transfection of a large number of organisms, tissues, and cells; (ii) produces reasonably high transformation efficiencies and allows introduction of nucleic acids into virtually any cell type; (iii) is amenable to measurement of low levels of expression and quantitative analysis in transient transfection experiments with a luciferase reporter; (iv) is flexible in that biophysical parameters can be adjusted so that particles carrying nucleic acid will reach only cells near the surface or also penetrate into cells deep within a multicellular organism; and (v) previously has been shown to also be an effective method for transformation of organelles (4, 7, 8) . The potential for transfection of any cell in an organism should facilitate both general analyses in a variety of cell types and organs as well as tissue-specific expression by using constructs with cell-or tissue-specific promoters. Biolistic transfection also should facilitate molecular genetic analyses in a variety of other parasitic helminths including: (i) other parasitic nematodes such as other filaria, plant parasitic nematodes, and hookworms; (ii) parasitic flatworms including tapeworms, monogenes, and other trematodes; and (iii) various developmental stages of parasitic helminths such as the larval stages of schistosomes (miracidia, sporocysts, cercariae, and shistosomula). Space limitations preclude a discussion of the range of experimental applications that transient transfection of helminths may facilitate. One new and powerful experimental strategy that can now be explored in parasitic helminths is RNA interference (33) . It is also conceivable that biolistics subsequently could be used to develop transgenic parasites for experimental purposes.
